Recent work in this laboratory showed that two types of surface ripened cheese are inhibitory to growth of Clostridium botulinum and several penicillia after storage at 2 to 4 C for 8 weeks or longer. Fatty acids which develop in type I3 cheese during storage at 2 to 4 C were found to account for only a fraction of the inhibitory activity. Aqueous extracts from aged, surface ripened cheese from which fatty acids were removed by ether extraction retained the major portion of the inhibitory principle. The mode of development of the inhibition in type III surface ripened cheese indicated that the inhibitor may be of bacterial origin (Grecz et al., 1959a, b; Greez et al., 1959 unpublished data).
Brevibacterium linens (Bacterium linens) eventually becomes the predominant organism of the flora of certain surface ripened cheeses (Albert et al., 1944) . Since these surface ripened cheeses are inhibitory to the growth of C. botulinum and certain other microorganisms and since the predominant organism in the product is B. linens, the source of the inhibitory principle was sought in B. linens.
In this investigation, culture filtrates of B. linens from several media were studied for growth inhibition of C. botulinum type A.
MATERIALS AND METHODS
Cultures. Two strains of B. linens (ATCC 9174 and ATCC 9175) Spore suspensions of C. botulinum were produced in 5 per cent trypticase broth at 30 C in desiecators from which oxygen was removed as described by Wagenaar and Dack (1958) . The spores were harvested by centrifugation and washing with phosphate buffer (pH 7), and heat-shocked at 85 C for 10 min.
Media. For production of the inhibitory principle by B. linens a special medium was prepared by extraction of fresh type I surface ripened cheese. Equal parts (w/v) of fresh type I cheese and distilled water were thoroughly mixed, left in the refrigerator overnight and filtered by gravity. The extracts were clarified by several additional filtrations through filters of decreasing porosity. In order to minimize bacterial multiplication during extraction all operations were carried out as much as possible at 2 to 4 C. The final extract was adjusted to pH 7.0. The extracts were sterilized by Seitz filtration, or in later experiments by autoclaving at 121 C for 15 min. Analyses indicated that this medium had approximately 1.8 per cent NaCl, an initial pH of 6.0, and was free of reducing sugars (negative Benedict test). Type I surface ripened cheese was used unless otherwise stated. As the study advanced, other media were used for comparison with cheese extract. Good production of the inhibitory principle was obtained in a soybean broth (Shull et al., 1956) Incubation. The cultures of B. linens were incubated at 22 to 25 C on a rotary shaker. The quantity incubated was 100 ml in a 250-ml Erlenmeyer flask, or 200 ml in a 500-ml Erlenmeyer flask. The incubation period of each sample is specified in the description of the results.
Bio-assay of inhibitory activity. The inhibitory activity of culture fluids of B. linens was assayed using washed, heat-shocked spores of C. botulinum type A. The culture fluids were clarified, adjusted at pH 7.0 to 7.2, sterilized by Seitz-filtration and lyophilized. Desired quantities of the lyophilized preparations were dissolved in sterile beef infusion broth and added to an equal volume of melted double strength beef infusion agar. The medium was transferred to oval culture tubes and inoculated with approximately 100 spores of C. botulinum per tube. The agar was allowed to solidify and then stratified with a 1-cm layer of petrolatum to create anaerobiosis and prevent drying of the agar during incubation. Petrolatum was preferred to 2 per cent sodium thioglycolate agar because it prevented dilution of the inhibitor by diffusion into the stratifying layer. Colonies were counted after 12 hr incubation at 30 C. Counts were repeated at regular intervals for 36 to 48 hr. (table 1A) . The appearance of these colonies was delayed as compared with the controls; however, their size was larger than that of the control colonies. When culture filtrates of B. linens were lyophilized and added to beef infusion agar in 2-and 4-fold concentration, no colonies of C. botulinum could be detected after incubation for 9 months.
In control tubes containing sterile aqueous extract from fresh type I cheese inoculated with C. botulinum, this organism grew actively. Usually the colonies could not be counted after 18 to 24 hr of incubation, because growth resulted in subsequent fragmentation of the agar. However, growth of C. botulinum in such tubes could be recognized by observing gas formation, proteolysis, toxin formation, and decrease in pH.
Considerably less inhibitory principle was produced by B. linens in aqueous extracts from fresh type II cheese, the surface flora of which was a mold.
B. linens also produced an inhibitory substance when grown in soybean meal broth (table 1B) . Lyophilized soybean meal broth filtrates of B. linens (ATCC 9175) when tested in the same manner as lyophilized type I cheese extract revealed identical inhibitory properties. The data in figure 1 demonstrate the difference between the inhibitory activity of culture filtrates of strains ATCC 9174 and ATCC 9175 of B. linens in soybean meal broth (the potency of both preparations was somewhat reduced because of losses during filtration and possibly adsorption on celite filter aid). In soybean meal broth usually a somewhat better yield of the inhibitory principle was obtained than in aqueous extracts from fresh cheese, but the soybean meal broth was difficult to clarify.
Several common laboratory media which supported growth of B. linens (e. g., tryptone glucose extract broth, trypticase broth, and beef infusion broth) did not support production of the inhibitory principle by this organism. Scrapings of B. linens growth from tryptone glucose extract agar slants did not produce inhibition zones on petri plates seeded with 60 to 100 spores of C. botulinum per ml of blood agar. However, small fragments of lyophilized culture filtrate from B. linens grown in aqueous cheese extract, when laid on the surface of blood agar similarly inoculated with spores of C. botulinum, produced zones of inhibition approximately 5 mm in diameter. An experimental medium composed of several salts and 1 to 3 per cent casein hydrolyzate supported growth of B. linens, but gave uncertain inhibition of growth of C. botulinum.
Incubation period. Type I surface ripened cheese after 8 weeks of storage at 2 to 4 C was inhibitory to growth of C. botulinum type A (Grecz et al., 1959a) , and the level of this inhibitory activity increased on prolonged storage. However, when B. linens (ATCC 9175) was cultured in aqueous extracts from fresh type I cheese, the inhibitory activity appeared after approximately 1 week of incubation on a shaker at 22 to 25 C. On prolonged incubation this inhibitory activity in cheese extract cultures declined in potency. To determine the optimal incubation period for production of the inhibitor, a series of six cultures of B. linens in aqueous extracts from fresh type I surface ripened cheese were incubated on a shaker at 22 to 25 C for various time intervals up to 45 days (table 2) .
Contaminants. Sterility controls indicated that the samples were occasionally contaminated during assay and storage; however, as a rule, the contaminants (molds and bacteria) did not develop in the presence of the substance inhibitory for C. botulinum. Indirect evidence for the existence of inhibition of microorganisms in cheese in which the natural flora is dominated by B. linens can be found in the earlier literature. Duclaux (1893) noted that certain color-producing bacteria which appear on the surfaces of some soft cheese played a protective role; he believed that these organisms prevented oxidation of the fat constituents of the cheese by consuming the oxygen. Kayser (1931) reported that red microorganisms (microbes du rouge) of soft cheeses retarded growth of molds and produced ammonia through the decomposition of casein. Vaughan observed that the staphylococcus type of food poisoning never resulted from old, foul-smelling cheeses, such as Limburger (Dack, 1956 ).
B. linens is usually associated with dairy products and the environment of dairy barns (Albert et al., 1944) . It is the predominant organism of the brown smear on the surface of Brick (Langhus et al., 1945) , Limburger (Kelly, 1937) , and other cheeses of the Limburger type. It plays a major role in color production and protein breakdown of these cheeses. B. linens produces an alkaline reaction in milk, and then conspicuous proteolysis. It is not lipolytic (Albert et al., 1944) .
Several properties of the inhibitor in culture filtrates of B. linens and that isolated from 2 types of surface ripened cheese (Grecz et al., 1959 unpublished data) were found to be similar. (Grecz et al., 1959a) Several properties of the inhibitor in culture filtrates of B. linens and that isolated from 2 types of aged, surface ripened cheese were found to be similar. The properties and the antibiotic nature of the inhibitory substance are under investigation.
